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Timescales for detecting a signiﬁcant acceleration
in sea level rise
Ivan D. Haigh1,2, Thomas Wahl3,4, Eelco J. Rohling1,5, Rene´ M. Price6, Charitha B. Pattiaratchi2,
Francisco M. Calafat7 & So¨nke Dangendorf8
There is observational evidence that global sea level is rising and there is concern that the
rate of rise will increase, signiﬁcantly threatening coastal communities. However, considerable
debate remains as to whether the rate of sea level rise is currently increasing and, if so, by
how much. Here we provide new insights into sea level accelerations by applying the main
methods that have been used previously to search for accelerations in historical data, to
identify the timings (with uncertainties) at which accelerations might ﬁrst be recognized in a
statistically signiﬁcant manner (if not apparent already) in sea level records that we have
artiﬁcially extended to 2100. We ﬁnd that the most important approach to earliest possible
detection of a signiﬁcant sea level acceleration lies in improved understanding (and
subsequent removal) of interannual to multidecadal variability in sea level records.
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A
rise in global sea level is one of the most certain
consequences of climate change. The Intergovernmental
Panel on Climate Change’s (IPCC) Fifth Assessment
Report (AR5)1 projected a global sea level rise of 0.28–0.98m for
2100, compared with 1986–2005. The lower end is broadly
consistent with linear continuation of the average rate of rise
observed over the 20th century2, while the upper value (and
larger projected rises3–7) requires a signiﬁcant increase (that is, an
acceleration) on the average 20th century rate.
Earliest possible detection of a signiﬁcant increase in the rate of
sea level rise is helpful to inform the public and support direct
political action to enable adequate adaptation8, particularly for
projections with higher rates of rise. However, while we are
virtually certain, based on proxy9,10 and instrumental data2,11–14,
that the rate of global sea level rise has increased during the last
two centuries (from relatively low rates of change in the order of
tenths of mm per year during the late Holocene, to modern rates
in the order of mm per year), a consensus has yet to be reached
about the existence and signiﬁcance of any further acceleration in
recent years, which would be indicative of a high sea level
projection pathway.
Instead of trying to determine whether the rate of sea level rise
is increasing further and, if so, by how much, we here introduce a
different and novel approach. We ask when accelerations might
become apparent for different sea level projections (if not
apparent already). First, we apply the two main methods that
have been used previously for the detection of accelerations in the
historical data, to identify accelerations in the sea level records
artiﬁcially extended to 2100. We discuss several pitfalls in using
these acceleration detection methods and demonstrate the
invalidity of several arguments used to suggest that the rate of
sea level rise is not currently increasing. Second, we use our
results to discuss why considerable debate seems to unnecessarily
persist around the topic. In particular, we examine the important
issue of sea level variability, the presence of which makes it
difﬁcult to assess whether accelerations are due to natural internal
climate variability or anthropogenic causes. We repeat our
analysis, using sea level records adjusted to account for natural
internal climate variability, and in the process demonstrate that
the most important approach to earliest possible detection of a
signiﬁcant increase in the rate of sea level rise lies in improved
understanding (and subsequent removal) of interannual to
multidecadal variability in sea level records.
Results
Sea level records artiﬁcially extended to 2100. We focus on 12
sea level records (see Methods and Table 1); 10 individual tide
gauge records, a coastal mean time series and a global sea level
reconstruction (Fig. 1). The coastal mean is an approximation
based on a simple average of the 10 tide gauge records (hereafter
‘coastal mean sea level’ (CMSL)) and the other is the sophisticated
reconstruction from Church and White2 (hereafter ‘global mean
sea level’ (GMSL)). To cover the most commonly reported
estimates1,3–7,15, we consider four sea level projections to the
target year 2100. These correspond to 0.5 and 1m (approximately
mid and upper AR5 range1), and 1.5 and 2m (upper end of ra